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ABSTRACT 
Near infrared imaging using elastic light scattering and tissue fluorescence under long-wavelength laser excitation 
are explored for cancer detection. Various types of normal and malignant human tissue samples were utilized in this 
investigation. A set of images of each tissue sample is recorded. These images are then compared with the 
histopathology of the tissue sample to reveal the optical fingerprint characteristics suitable for cancer detection. The 
experimental results indicate that the above approaches can help image and differentiate cancer from normal tissue. 
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1. INTRODUCTION 

Optical spectroscopy has been widely used to acquire fundamental knowledge about physical, chemical, and 
biological processes that occur in biomaterials. Various research groups have attempted to classify and diagnose 
tissue states using fluorescence and Raman spectroscopy [ 1-41. The main fluorophores in tissues exhibit maximum 
absorption at photon energies higher than 2 eV. As a result, most tissue spectroscopy research has employed UV to 
visible light sources from 250-nm to 600-nm. The main active fluorophores in  this spectral region are tryptophan, 
collagen, elastin, NAD(P)H, flavins and prophyrins. The disadvantage of these wavelengths is their short photon 
penetration depth in  tissues, which leads to extraction of information only from superficial tissue layers. 

Raman scattering measurements in tissues show the presence of a long Stokes spectral wing that makes the 
observation of the fine details in the Raman scattering vibrational spectrum difficult. The intensity of the Stokes 
spectral wing becomes weaker as the pump wavelength increases. This spectral wing has been considered as noise 
and is usually subtracted from the Raman spectral profile using complex fitting parameters to acquire the spectral 
features associated with the Raman active vibrational modes. It was only recently shown that the origin of this 
background signal in the far-red and near infrared (NIR) spectral region in Raman scattering measurements of 
tissues is due to emission by photoexcited fluorophores [SI. It was also shown in the same paper that the NIR 
autofluorescence intensity from cancer and normal human breast tissue is very different suggesting a new way to 
detect breast cancer. 

The objective of our effort is to employ hyperspectral imaging techniques to investigate the ability of polarized light 
scattering in  combination with native tissue fluorescence under long-wavelength laser excitation to image tissue 
components with special attention for the case of cancer detection. Our experimental approach involves imaging of 
various types of malignant with contiguous non-neoplastic human tissue samples using cross-polarized elastic light 
scattering at 700-nm, 850-nm and 1000-nm and tissue autofluorescence in the 700- 1000-nm spectral region under 
532-nm and 632.8-nm laser excitation. 

2. EXPERIMENTAL ARRANGEMENT 
The human tissue specimens studied in this work were obtained from fresh surgical resections. The experiments 
precede fixation for pathologic assessment without compromise of histologic quality. In order to simplify the 
procedure required for the execution of optical spectroscopy experiments on human samples, we have built a 
compact spectroscopic imaging system that was positioned in a lab space adjacent to surgical pathology at the UC 
Davis Medical Center. Figure 1 shows the schematic layout of the key optical components composing this prototype 
instrument. The experimental setup involves polarizers (P) and appropriate optical filters (F) while low power lasers 
and a white light source are used as the illumination sources. The images of the sample are acquired using a camera 
lens coupled to a liquid nitrogen cooled CCD detector. A polarizer and appropriate filters are positioned in front of 
the camera lens to select the polarization state and spectral band for the image formation. For the autofluorescence 
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Figure 1: Schematic layout of the key optical 
components of the instrumentation to 
perform h v i t r o  measurements of human 
tissue samples immediately after surgery. The 
experimental setup involves polarizers (P) 
and appropriate optical filters (F). Two lasers 
and a white light source coupled with optical 
fibers are used to illuminate the sample. 

imaging experiments, the photoexcitation is provided by a 632.8-nm He-Ne laser and by a 532-nm diode-pumped 
Nd:YAG laser. The laser light is transferred into the imaging compartment of the system using optical fibers. The 
diverging output beam from the fiber is used to provide nearly uniform illumination of the  sample. A polarizer and a 
narrow band interference filter were positioned in  front of the output of the  fiber to ensure monochromatic 
illumination and linearly polarized illumination. For the light scattering imaging experiments, a white light source 
coupled to a fiber bundle is used t o  provide a nearly uniform illumination of the sample. A polarizer is positioned at 
the output of this fiber with its polarization orientation perpendicular to that of the polarizer located in front of the 
camera lens in  order to record only  the perpendicular polarization image component and thus, remove the specular 
reflection component from the image. Illumination of the sample w i t h  700-nm. 850-nm, and 1000-nm is achieved 
using 40-nm bandwidth interference filters at the aforementioned wavelengths positioned on a filter wheel located in  
front of the fiber bundle. With this imnging system. a set of 7 images is recorded for each sample. More specifically, 
we record the  cross-polarized light scattering images under 700-nm, 850-nm and 1000-nm illumination, the  NIR 
(700-nm to 1000-nm) autofluorescence images under 532-nm and 632.8-nm photoexcitation and the two orthogonal 
polarization components of tissue autofluorescence under 632.8-nm excitation. These images are subsequently 
compared with the histopathology map o f  this sanie tissue specimen ohtained using conventional methods 
(hematoxylin-eosin stain). 

3.  IS X I’E K I M E NT A I, R IS tJ I ,‘I3 

Specimens obtained from more that 60 patients have been studied to  date. I n  the rest o f  this document, we will show 
and discuss typical examples o f  our  experimental results. The aim is t o  demonstrate the potential of each approach to 
provide imaging of tissue components including the detection o f  cancer. 

Figure 2 shows a = 4-cm X 3-cm human breast tissue sample wi th  multifocal high grade ductal carcinoma in-situ 
surrounded by fibrous stroma. with an adjacent area of fatty infiltration. Fig. 2a shows the cross-polarized light 
scattering image of the sample under 700-nm illumination. Figs. 2b and 2c show the  fluorescence images i n  the 700 
to 1000-nm spectral region under 532-nm and 632.8-nm laser excitation, respectively. Fig. 2d shows the degree of 
polarization image of the NIK emission under 632.8-nrn excitation. From the images of the sample shown in fig. 2. 
only the  NIR fluorescence image under 632.S-nm excitation (fig. 2c) shows a correlation with the histopathological 
assessment map of the sample. The I-mm diameter areas of higher emission coincide with the location of the ductal 
carcinoma lesions i n  the sample. The integrated NIR emission intensity arising from these cancerous parts of the 
sample is higher by a factor of = I  .S when compared to that o f  the normal tissue. 

Figure 3 shows as set of images obtained from a liver specimen. A histologic section of this specimen show a well 
circumscribed 0.8 x 0.5 cm nodule. The histoloTic features of the nodule are those of a hepatohlastoma. Fig. 3a 
shows the cross-polarized light scattering image under 700-nm illumination. Figs. 3b  and 3c show the NIR 
autofluorescence images under 532-nm and 632.8-nm laser excitation, respectively. The cancer nodule is visible in  
all images shown in figure 3 as ;I brighter in  intensity feature. More specifically, in  figure 3a (cross-polarized light 
scattering image under 700-nm illumination) the digitized intensity in the area of the cancer nodule is higher by a 
factor of =0.13 when compared t o  that of the adjacent normal liver tissue. This intensity difference between the two 
tissue components is further increased in  the NIK autofluorescence images and i t  becomes = 0.4 and = 0.65 undei- 
532-nm and 632.8- nm excitation. respectively. This difference in  image intensity allows for best visualization o f  the 
cancer nodule especially in  the NIR nutof’luorescence imaces L (ligs. 3h :tnd 3c). 



Figure 2:. Images of a human breast tissue 
sample with multifocal high-grade ductal 
carcinoma in-situ. a) cross-polarized light 
scattering image at 700-nm. NIR fluorescence 
images under b) 532-nm and c) 632.8-nm laser 
excitation. d) degree of polarization image of 
tissue autofluorescence under 632.8-nm 
excitation. CA: cancer 

Figure 4 shows images of a kidney specimen containing a cancerous lesion. Figs. 4a shows the cross-polarized light 
scattering image under 700-nm illumination. Fig. 4b shows the NIR fluorescence images under 632.8-nm laser 
excitation. Fig. 4c is the image obtained from a division of the NIR autofluorescence digitized image under 532-nm 
excitation over that recorded under 632.8-nm excitation. The histologic sections of this kidney specimen shows that 
there is a poorly demarcated nodule measuring 1.0-cm x 0.6-cm with histologic features that suggest renal cell 
carcinoma. This nodule is surrounded by normal kidney. At one side of the tissue (top) is normal fat tissue that 
surrounds the kidney. In the optical images, the cancer lesion appears as a brighter in  intensity feature in the light 
scattering images and as darker feature in  the NIR autofluorescence images when compared to the normal kidney. 
This is demonstrated in the images shown in figs. 4a and 4b. In the light scattering image under 700-nm illumination 
(fig. 4a), the digitized intensity of the area of the cancer nodule is higher by a factor of 4 . 7  when compared to that 
of the adjacent normal kidney tissue. On the other hand, the autofluorescecne intensity under 632.8-nm excitation 
arising from the cancerous parts of the  specimen exhibits lower intensities by a factor of 4 . 4  when compared to that 
of the normal kidney tissue. The fat lesion located on the upper side of this specimen (as imaged) is better visualized 
in the ratio image shown in fig. 4c where the fat tissue is clearly differentiated from the kidney tissue. In the latter 
image, the normal kidney cannot be differentiated from the cancer lesion. 

4. DISCUSSION 

There are two different concepts under investigation. The first concept examines polarized light scattering spectral 
imaging. The second concept involves imaging of various tissue types using the NIR emitted light under 632.8-nm 
and 532-nm excitation. The experimental results provided in this document are representative of our results to date. 
The results shown o n  figure I are consistent with results previously reported on breast tissue. The imaging approach 
we have utilized, rather than a point by point measurement utilized before, allows for better evaluation of the limit 
detection. The NIR fluorescence image shown in fig. 2c demonstrates that this method can be used to detect small 
cancer lesions (1-mm or smaller) in  a field of normal tissue. 

The images attained using elastic light scattering delineate differences in absorption and scattering between tissue 
components. On the other hand, porphyrins may he the principal tissue chromophores contributing to NIR 
autotluorescence under red excitation. The enhancement of porphyrin production in tumors has been investigated as 
a method to produce endogeneously synthesized photosensitizers for PDT [ 6 ] .  Increased porphyrin content in the 



r Figure 4:. Images of a human kidney 
tissue with renal cell carcinoma. a) 
Cross-polarized image at 700-nm. b) 
NIR fluorescence images under 
632.8-nm laser excitation. c) Ratio of 
NIR autofluorescence image under 
532-nm excitation over that under 
632-nm excitation. CA: cancer, N: 
Normal, F: Fat 

tumors in humans and experimental animals, mainly hepatomas, has been reported [7-81. It has also been reported 
that the porphyrin content in tumors is not always higher than the contiguous non-neoplastic tissues and depends on 
the type of cancer and host tissue 191. Assuming that the autofluorescence signal arises mainly from porphyrins, our 
experimental observations are consistent with the aforementioned reports. 

The experimental results shown in  figs. 3 and 4 indicate that the light scattering properties of the tissue component 
may influence hut not dictate the measured intensity of the NIR autofluorescence signal. The scattering signal from 
the tumor in liver and in  kidney is higher than that of the normal tissue. However, the NIR autofluorescence from 
the tumor in kidney is lower than that of the normal tissue while the opposite is the case i n  liver. This indicates the 
novel properties of NIR autofluorescece imaging method. This capability is further enhanced by utilizing excitation 
at different wavelengths. The I -mm tumor lesions in the hreast specimen are visible in the NIR autofluorescence 
images under 632.8-nm excitation hut not under  532-nm excitation. I t  must be noted that we have not been able to 
extract any additional information using the degree of polarization of the NIR autofluorescece. 

The NIR autofluorescence imaging method may offer a way to monitor and/or image the porphyrin content in 
tissues. There is strong evidence tha t  the heme-hiosvnthetic pathway, and therefore the production of porphyrins, is 
disturbed in  neoplastic disease. This may he the reason that the NIR autofluorescence images offer high contrast 
between normal and tumor tissue. An imaging system that is hased on this method could provide assistancc to a 
surgeon to visualize the tumor margins for more accurate and complete removal of cancerous tissue. It  may also he 
useful as a diagnostic tool for a n  i n - v i i w ,  real-time pathological assessment to complement light microscopy 
performed on fixed tissue sections. the current “gold standard” for the histo-pathologic diagnosis of human diseases. 
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